In the context of the implementation of sustainable water treatment technologies for soil pollution prevention, a methodology that try to overcome the lack of runoff quality data in Puglia (Southern Italy) is firstly tackled in this paper. It provides a tool to obtain total suspended solid (TSS) pollutographs in areas without availability of monitoring campaigns. The proposed procedure is based on the relationship between rainfall characteristics and pollutant wash-off. In particular, starting from the evaluation of the observed regional rainfall patterns by using a rainfall generator model, the storm water management model (SWMM) was applied on five case studies located in different climatic subareas. The quantity SWMM parameters were evaluated starting from the drainage network and catchments characteristics, while the quality parameters were obtained from results of a monitoring campaign conducted for quality model calibration and validation with reference to the pollutograph's shape and the peak-time. The research yields a procedure useful to evaluate the first flush phenomenon in ungauged sites and, in particular, it provides interesting information for designing efficient and sustainable drainage systems for first flush treatment and diffuse pollution treatment.
Introduction
The concentration of human population near cities has increased markedly in recent years all over the world. The improvements in transportation, the expansion of manufacturing industries, and increased employment opportunities have resulted in increased density of population in cities. Due to this process, known as urbanization, the natural characteristics of the land are changed by various anthropogenic activities common to urban areas. These anthropogenic activities are among the most important pollutant sources [1] . Thus, numerous pollutants are introduced into the urban environment by vehicular traffic, industrial processes, building construction, and commercial activities, which are carried by stormwater. It is not surprising that the characterization of quality of stormwater that washes away impervious surfaces is assuming growing importance in the last few years [2] [3] [4] . The impact of the mentioned above activities on the water environment includes increased risks in terms of floods, erosion and degradation of stream habitats, and deterioration of water quality [5, 6] .
Moreover it is worth mentioning that there is a very strong correlation between stormwater quality and soil contamination for both anthropized and natural areas. In natural areas a significant fraction of precipitation infiltrates into the soil, usually covered by forest, woods, or grass. This water infiltrates as it travels underground, allowing the increasing of soil contamination and the alteration of the natural porosity of the soil. In the anthropized area, stormwater runoff increases in both rate and volume due to increases of impervious area and soil compaction; this development dramatically alters the hydrologic cycle by changing 2 Applied and Environmental Soil Science the relative percentage of precipitation that contributes to groundwater recharge, evapotranspiration, and runoff by adding impervious surfaces.
Starting from the seventies, several studies, based on monitoring campaigns, have been carried out in order to evaluate the characterization of the quality of stormwater runoff of urbanized areas and to analyze the buildup/washoff and transport phenomena of pollutants during wet periods in both separate and combined sewer systems [7] [8] [9] [10] [11] [12] [13] [14] [15] . Nowadays, the quality data collected during monitoring campaigns represent an important dataset; nevertheless the featured Apulian urban landscapes, characterized by peculiar socioeconomic, climatic, and geological conditions, require further experimental assessments [16] .
Measurements and monitoring campaigns are useful to provide important information necessary to define models and to enhance design procedures for improving the efficiency of systems for water treatment. In this context, it is necessary to ensure high cooperation between measurements and modeling, which significantly affects an overall success of the whole work. Regarding the equipment used for the monitoring campaign, it is important to select measurement devices with a high degree of reliability and also to put emphasis on the interfacing of the adopted equipment (according to the operation and maintenance). Moreover, in order to be able to handle such amount of data, it is necessary to have relevant and capable software tools for data processing. Finally, it is necessary to mention that the efficiency and success of the monitoring activities depend on the planning and the organization of each measurement campaign. On the base of these considerations, monitoring campaigns are very expensive and conspicuous; therefore, a functional database of runoff quality is quite difficult to collect, especially in areas where the monitoring network is characterized by lack of discharge gauged stations and low frequency of precipitation.
In the context of stormwater treatment design, another important topic highlighted in recent literature is the need of deeper understanding of the relationship between pollutant wash-off processes and rainfall characteristics [17, 18] . Past research studies commonly consider rainfall characteristics included in lumped parameters in numerical models used for investigating the role of rainfall characteristics on pollutant wash-off [17, [19] [20] [21] .
Based on these considerations, in this paper, a methodology that try to overcome the lack of runoff quality data in Puglia (Southern Italy) is tackled. It provides a tailored relationship between rainfall characteristics and pollutant washoff in the context of the implementation of water treatment procedures for preventing the soil pollution. In particular, we exploited the iterated random pulse (IRP) rainfall generator model proposed by Veneziano and Iacobellis [22] , by finding climatic subareas, characterized by different rainfall features. Time series of precipitation generated by the IRP model were used as input data in the quality model, providing information about qualitative characteristics of runoff in urban catchments. The above-mentioned model takes into account also the influence of catchment characteristics such as surface area, land use, percentage of impervious surface, and slope on pollutant wash-off process. For example, the impervious surface area layout plays an important role in runoff routing, controlling the time of concentration and hence influencing the pollutant wash-off process [23] .
In the previous work, Di Modugno et al. [24] , a monitoring campaign was carried out within a residential area by collecting and evaluating quantity and quality data. With reference to the buildup/wash-off processes, total suspended solid (TSS) concentrations were used for calibration of storm water management model (SWMM), which was validated on the base of the pollutograph's shape and the peak-time for a urban basin located in Sannicandro di Bari (central Puglia, Italy). The quality parameters identified were used in the present work for evaluating the pollutant wash-off processes in five urban basins of the region, located in Barletta, Manduria, Cagnano Varano, Presicce, and Ginosa Marina, using synthetic rainfall series generated by IRP model with parameters accounting for regional rainfall patterns [25, 26] .
Since past researches were focused above all on rural areas [27] [28] [29] [30] [31] [32] [33] [34] [35] and less effort has been done about anthropized areas [36] , the present work provides an important contribution to this topic, by improving the stormwater treatment design (i.e., first flush capturing devices) in the context of soil pollution prevention in Mediterranean semiarid areas. Moreover it provides a deeper understanding of stormwater quality modeling approaches where commonly, the pollutant wash-off process is reproduced using only the rainfall intensity rather than other rainfall event parameters or using a stochastic approach without considering the characteristics of the rainfall event.
In phase A, reported in Section 2, the SWMM model is briefly described, distinguishing between the calibrated parameters in previous work [24] and those evaluated by considering catchment characteristics. In phase B, reported in Section 3, the rainfall generator model providing the synthetic time series of precipitation (used as input in SWMM model) is described. Moreover, in the same section, the regional pattern of rainfall features is explained. In phase C, as reported in Section 4, the catchment characteristics of Barletta, Manduria, Cagnano Varano, Presicce, and Ginosa Marina municipalities are described and in Section 5 the pollutographs evaluated coupling the IRP and the SWMM models are shown and discussed. The conclusions are presented in Section 6.
Phase A: Estimation of SWMM Model Parameters
The main objective of the research presented is to improve the stormwater quality evaluation in areas ungauged. With this aim, the quality model parameters calibrated by Di Modugno et al. [24] for the case study of Sannicandro di Bari, where a monitoring campaign is available, are exported to the catchments located in Barletta, Manduria, Cagnano Varano, Presicce, and Ginosa Marina municipalities (described in phase C). In this way, for each rainfall station, time series of precipitation of suitable length may be generated in order to be implemented in SWMM model to evaluate the subsequent pollutographs.
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The Storm Water Management Model (SWMM)
. SWMM simulates the hydrograph and the pollutograph [37] for a real storm event (for single and long-term event) on the base of rainfall (hyetograph) and other meteorological inputs and system characteristics (catchment, conveyance, and storage/treatment) for developed urban and undeveloped or rural areas. The runoff component of SWMM operates on a collection of subcatchment areas that receive precipitation and generate runoff and pollutant loads. The routing portion of SWMM transports this runoff overland and underground through a system of pipes, channels, storage and treatment devices, pumps, and regulators. SWMM tracks the quantity and quality of runoff generated within each subcatchment and the flow rate, flow depth, and quality of water in each pipe and channel during a simulation period characterized by multiple time steps [38] . The losses taken into account in the present work are represented by the infiltration process that was modeled evaluating, for each subcatchment, the percentage of pervious and impervious area obtained from the land use map. The infiltration model used in this study is based on Horton's equation, whose parameters values have been chosen according to the typical values reported in literature [39, 40] , in relation to soil type, and specifically tested in the Apulian karstic watersheds [41] .
SWMM allows evaluating the pollutants buildup process on the basin surface, all processes involving the solid transportation by runoff through the drainage system.
Pollutant buildup within a land use category is described by a mass per unit of subcatchment area; the amount of buildup is a function of the number of dry weather days antecedent to the rainfall event. On the base of the assumptions of Alley and Smith [42] , the buildup function follows an exponential growth curve that approaches a maximum limit asymptotically as in
where ( ) is the pollutant buildup during the antecedent dry days [kg/ha]; Disp identifies the disappearance of accumulated solids due to the action of wind or vehicular traffic
⋅ imp represents the impervious area percentage; Accu characterizes the solids buildup rate [kg/(ha⋅d)]; (Accu/Disp) ⋅ ⋅ imp represents the maximum asymptotical limit of the buildup curve.
The pollutant wash-off over different land uses takes place during wet periods and it was described by the Jewell and Adrian [43] exponential function:
where ( )/ represents the wash-off load in units of mass per hour; Arra is the wash-off coefficient [mm −1 ]; ( ) is the runoff rate; wash is the wash-off exponent, a numerical parameter that controls the influence of rainfall intensity on the amount of leached pollutants.
Estimation of Quantity and Quality Parameters.
Several works [44] [45] [46] [47] [48] [49] report sensitivity analysis performed to assess the importance of various parameters in SWMM equations that most affect results in terms of runoff and water quality.
In particular, Liong et al. [45] subdivided the calibration parameters of the Runoff block of SWMM into two groups:
(1) First group is "Traditional" calibration parameters, which include Manning's coefficient for overland flow over the pervious and impervious portion of the subcatchment (N-Perv and N-Imperv), the depth of depression storage on the pervious and impervious portion of the Subcatchment (Dstore-Perv and Dstore-Imperv), and the infiltration parameters.
(2) Second group is "Nontraditional" calibration parameters, whose values are obtained from the measures and/or the interpretation of the available information. Sources of information, which provide the definition of a specific value associated with the parameter, are, for instance, topographic maps, aerial photographs, and land use maps. Since topographic maps may be plotted at different scales, larger errors can be expected for the subcatchment areas represented by a larger map scale; these areas are in turn used to compute the widths of the overland flow path; errors are also inevitable in assigning values to slopes, from the topographical map. Similarly, errors can be expected in the values assigned to the fraction of imperviousness (% Imperv), the percentage of impervious area with no depression storage (% Zero Imperv), and the roughness coefficients for the channel (Roughness).
In the present work, as well as in [24] , values extracted from the literature [41, 50, 51] were assigned to all parameters belonging to the first group. The infiltration losses parameters were estimated, in relation to soil type, by using values tabulated in technical handbooks and verified by [40] for karstic areas. The range of variation and the values chosen for these parameters are shown in Table 1 .
In Table 1 , among "Traditional" calibration parameters, the percentage of impervious area with no depression storage (% Zero Imperv) was added, because there is not enough information available to evaluate it for the investigated basins. Therefore, as for as Sannicandro di Bari, a mean-low value of % Zero Imperv was chosen, corresponding to a quite high runoff generation potential such that it is expected in an urban basin.
Regarding the other "Nontraditional" calibration parameters, area, width, slope, percentage of impervious area, and roughness coefficients for the channel, they were evaluated for the five case studies investigated and are reported in Table 5 .
All the parameters mentioned above are referred to the hydraulic-hydrological model. Since the main objective of the proposed research is to extend the stormwater quality evaluation to ungauged areas, in this work the same quality parameter values obtained from the calibration and validation procedure (based on monitoring campaign) in Sannicandro di Bari [24] were considered and they are listed in Table 2 . 
Phase B: Identification of Climatic Subareas
In this paper we subdivided the entire Puglia region in different climatic subareas, consistently with the parametrization of the IRP rainfall generator model proposed by Veneziano and Iacobellis [22] . Then, time series of precipitation generated by the IRP model were used as input data of the quality model, providing qualitative characteristics of runoff in urban catchments. These results provide interesting information useful to enhance treatment procedures and to improve the efficiency of systems aimed at first flush treatment. In the following subsections, the structure of the IRP model and the approach for identification of different rainfall features are briefly described.
IRP Model.
The rainfall generator proposed by Veneziano and Iacobellis [22] uses the classical representation of the exterior process of the rainfall as an alternating process with independent mean rainfall intensities for different rainstorms, characterizing the duration and average intensity of rainfall events at the synoptic scale. The interior process exploits the IRP, Veneziano et al. [52] , pulse representation with multifractal properties of location and intensity, describing the detailed fluctuations of rainfall intensity at subsynoptic scales. In particular the wet periods of the exterior model are scattered through the "interior" scheme, in which rainfall is represented as the superposition of pulses with a hierarchically nested structure of temporal occurrences; pulses at different scales have amplitudes with cascade-like dependence.
The exterior process consists of an alternating sequence of dry and wet periods with independent durations, which characterizes the arrival, duration, and average intensity of rainfall events at the synoptic scale; the distribution of the wet periods is assumed to be exponentially distributed instead of that of the dry periods which is assumed to be Weibull distributed; the average rainfall intensities in different wet periods are independent and identically distributed as exponential distribution.
The model consists of six parameters derived from the study of the precipitation process aggregate in the exterior and interior processes mentioned above. The exterior process is characterized by four parameters: the mean duration of the wet periods ( wet ), the mean value ( dry ), and the exponent of the Weibull distribution of the dry intervals and the mean value ( ) of the average of rainfall intensity during the synoptic events, while for the definition of the interior process two other parameters related to its multifractality are introduced: the parameter 1 that controls the multifractal properties of rainfall at small scales and the multiplicity which controls the quasifractal behavior of the rainfall support at small scales; the latter assumes a value equal to 2.
Different Rainfall Patterns in Puglia.
Iacobellis et al. [53] evaluated the parameters of the IRP rainfall generator for all the rainfall time series of the monitoring network of the Regional Hydrographic Service reported in the Hydrological Annals. For this purpose they used the method of estimation from coarse data proposed by Iacobellis et al. [54] , the daily rainfall records, and the annual maxima hourly precipitation intensities for 124 different sites of Puglia, Basilicata, and Campania in Southern Italy located in the following river basins: Candelaro, Cervaro, Carapelle, Ofanto, Lesina and Varano Lakes, Gargano, Salso-Salpi Lakes, Celentano marshes, Murge, Salento, Lato, and Galeso.
The significant rain gauges considered for this study were those with daily rainfall time series not shorter than twenty years. Moreover, all the values characterized by a particular uncertainty (i.e., the data obtained by interpolation and those accumulated over a given period) have been deleted from the time series reported in the Hydrological Annals. Figure 1 shows the position of the gauged rainfall stations considered. The values of daily precipitation, organized as a vector, were processed in Matlab environment, in order to evaluate the four parameters of the exterior model. Starting from this vector, the following processes were studied:
(i) The distribution of wet periods called "wet distribution": assuming that the variable "consecutive number of rainy days" ( wet ) or "duration of a storm" is characterized by an exponential distribution, we can consider its mean value ( wet ) as a representative value of this distribution. The results are collected in Table 3 .
(ii) The distribution of dry periods called "dry distribution": in this case the assumption is that the variable "consecutive number of dry days" ( dry ) is characterized by a Weibull distribution; therefore, it can be represented by its mean value ( dry ) and its exponent ( ). The results are collected in Table 3 .
(iii) The "mean of intensities distribution": assuming that the variable "average intensity of each storm" is characterized by an exponential distribution, we can consider its mean value ( ) as a representative value of this distribution. The results are collected in Table 3 .
In particular, to assess the average intensity in the distribution of synoptic events, the relationship proposed by Veneziano and Iacobellis [22] was considered:
where is the mean annual hourly rainfall intensity over the entire investigated period: = ℎ tot /(365 × 24) and ℎ tot is the total annual precipitation mean value for each rain gauge station. Table 3 shows all the parameters of the exterior model, obtained as mentioned above, and the total annual mean value of precipitation (ℎ tot ) for each rain gauge station in Puglia.
In this work, we assumed that the parameter, 1 , related to the multifractality of the interior process of IRP, is equal to 0.1, being the general best fit value reported in the literature (e.g., [22] ). The seasonal variation of such parameters, investigated by Portoghese et al. [55] , was also not considered in this paper.
After identifying the parameters of the exterior process, the correlation between dry and ℎ tot parameters, that characterize respectively dry and wet intervals (Figure 2) , was found.
In order to identify the different values of these parameters that represent different rainfall patterns which can be found in Puglia, the area of the plot [ dry − ℎ tot ] was divided into three equiprobable classes on the base of dry values and into other three equiprobable classes on the base of ℎ tot . In this case nine classes were obtained, as shown in Figure 2 .
Identification of nine climatic classes representing different rainfall patterns in Puglia. The Thiessen polygons of the investigated rainfall stations were used to trace these climatic areas thus obtaining the map in Figure 3 .
On the base of the relationship between dry and ℎ tot parameters, nine classes having different rainfall features were identified, as shown in the following matrix reported in Figure 4(a) , in which each climatic class was symbolized by different colors: red color was used to represent the class with low ℎ tot values, blue color was used to represent the class with high ℎ tot values, and green color was used to represent the class with mean values of ℎ tot . Then different shades of these three colors were used in order to better identify the nine classes; for instance, dark red symbolizes the least rainy areas (low values of ℎ tot and high values of dry ), while dark blue represents the most rainy areas (high values of ℎ tot and low values of dry ). In order to reach the aim of this work, that is, to extend the stormwater quality to ungauged areas, a smaller number of classes can be considered. Therefore, among these nine classes, four classes that represent the four extreme conditions and one that represents the central condition were taken into account and they are reported in Figure 4 (b): Area 1 (light red): characterized by a low value of total annual precipitation (ℎ tot ) and a low value of mean of consecutive number of dry days ( dry ); Area 2 (dark red): characterized by precipitation with a low ℎ tot and high dry ; this is a typical arid zone; Area 4 (dark blue): characterized by precipitation with a high ℎ tot and low dry ; this is a typical wet zone; Area 5 (light blue): characterized by precipitation with a high ℎ tot and high dry .
And finally
Area 3 (green) was considered, in order to have a central condition, characterized by mean values of ℎ tot and dry .
All the other classes excluded from the current work represent other average conditions that reveal information which can be located among the results obtained from the classes considered.
In both matrices, the numbers 1, 2, and 3 represent low, medium, and high value of each parameter, respectively.
For each of five classes, we considered only the rain gauge station characterized by the longest time series of precipitation (44 years) and that represents the centroid of the cluster of each climatic subarea, being, in this way, the most representative station of its own class ( It is well known that the representative point of a cluster, or cluster center for the -means algorithm, is the componentwise mean of the points in its cluster, chosen for minimizing the within cluster variances (minimizing within the cluster the squared Euclidean distance).
In Table 4 the rain gauges belonging to each of five classes are reported. They are represented with the same correspondent numbers of Table 3 .
Since the main objective of the proposed research is to evaluate stormwater quality including pollutographs and their characteristics in ungauged basins, synthetic scenarios of precipitation were generated in Matlab environment and then input to SWMM model. The characteristics of the rainfall data were reproduced using series with time step of 15 minutes of aggregation (which is the reference time provided by Italian Legislation [56] for first flush analysis) and length of 10 years. In order to provide information about qualitative characteristics of runoff, it was necessary to introduce in the model the characteristics of the catchments and of the drainage network. For this purpose, in the following phase C, the different case studies are presented. In Barletta the total area of the drainage basin is equal to 30.18 ha with a percentage of impervious surface equal to 93% (28.17 ha). The average slope of the basin is 0.16%. In particular, the land use thematic map, extracted from the regional geographical information system (SIT Puglia), shows that the entire area is exclusively residential. The sewage system, used exclusively for the collection of rainwater, has a total length of 1054.85 m. Figure 5 shows the SWMM scheme of the basin including 3 subcatchments and a drainage network with 10 nodes (black dots) and 10 channels (black solid lines).
The sewer system in Manduria has a total drainage basin of 31.85 ha with a percentage of impervious surface equal to 81.69% (25.73 ha). The average slope of the basin is 0.97%; the land use map shows that the entire area is residential.
In this basin the sewage system, used exclusively for the collection of rainwater, is composed by circular concrete conduits for a total length of 857.48 m. Figure 6 shows the SWMM scheme of the basin including 3 subcatchments and a drainage network with 5 nodes (black dots) and 5 channels (black solid lines). The total contributing area of Cagnano Varano catchment above the gauging station is 20.11 ha, and 74.95% (15.07 ha) of the total area is residential with impervious surface. The average slope of the basin is 0.5%. A total of 6 subcatchments are delineated within the watershed. All surface flow is collected at the watershed outlet after routing through 7 conduits, whose total length is equal to 1326.51 m. Figure 7 illustrates the SWMM depiction of the Cagnano Varano watershed.
In Presicce the catchment has a total surface of 30.78 ha with 30.73% (9.45 ha) of impervious area characterized by residential land use like the previous basins. The average slope of the basin is equal to 0.08%. The catchment area is covered by a main sewer which is circular and has a diameter of 2.2 m in the initial section and 2.4 m in the final section. The estimated length of this sewer is 306.23 m up to the downstream point. Figure 8 illustrates the SWMM depiction of the basin including 2 subcatchments and a drainage network with 3 nodes (black dots) and 3 channels (black solid lines).
The basin located in Ginosa Marina has total contributing area equal to 31.45 ha, of which the 48.98% (15.40 ha) is impervious and destined to residential use. The average slope of the watershed is equal to 0.09%. The discretization of the catchment provides 8 subcatchments. The surface runoff flows through a drainage network of 1695.09 m long.
In Figure 9 , the SWMM depiction of the subcatchment is shown.
As already explained in Section 2.2, we considered these five catchments, because they are characterized by values of "Nontraditional" calibration parameters that may be considered similar to those estimated for Sannicandro di Bari in [24] . In Table 5 , these parameters catchment are listed.
Coupling IRP with SWMM Model for Pollutograph Evaluation and Discussion
In this section a pollutographs evaluation in all the investigated ungauged sites by coupling IRP and SWMM model is reported. In particular, by using the IRP model, time series of precipitation of a given length were generated in order to be implemented in SWMM. The estimated parameters used in SWMM model were (i) the "Traditional" and qualitative parameters already evaluated for the case study of Sannicandro di Bari, where a monitoring campaign is avalaible;
(ii) the "Nontraditional" parameters, calculated for the investigated case studies of Barletta, Manduria, Cagnano Varano, Presicce, and Ginosa Marina, starting from the catchment characteristics.
As already explained in Section 3.1, the IRP model consists of six parameters derived from the study of the precipitation process aggregate in the exterior and interior processes. The exterior process is characterized by four parameters, the average of the intervals of rain ( wet ), the mean and the exponent of the Weibull distribution for the dry intervals ( and dry ), and the average of rainfall intensity ( ), while for the definition of the interior process two other parameters related to its multifractality are introduced, 1 and . For Barletta, Manduria, Cagnano Varano, Presicce, and Ginosa Marina basins, the values of these parameters are listed in bold in Table 3 . Figure 10 shows, for the case study of Barletta, the generated synthetic scenarios of precipitation; a series of 15 minutes of aggregation and length of 10 years was used. The hyetographs shown in Figure 10 was implemented in SWMM model for the TSS pollutographs evaluation (Figure 11 ). Due to the high affinity of many contaminants with solid matter, in the present study only the TSS prediction was taken into account. In fact, several works in literature [57, 58] consider TSS as a synthetic index of the general level of pollution in urban areas. For this reason, TSS are often used in mathematical models that simulate the dynamics of polluttants in urban runoff.
The analysis of the distribution of pollutant mass versus volume in stormwater discharges in dimensionless terms by using the so-called " ( ) curves" [59] was performed on the five case studies investigated. This representation provides the variation of the cumulative pollutant mass divided by the total pollutant mass in relation to the cumulative volume divided by the total volume. If the concentration remains constant during the storm event, the pollutant mass is proportional to the volume and the ( ) curve is merged with the 1 : 1 line.
Applied and Environmental Soil Science When the ( ) curve is above the 1 : 1 line, the first flush is noticed and the extent of the phenomenon increases with the slope of the curve for small values of volume.
The ( ) curves obtained from the predicted TSS data of Barletta, Manduria, Cagnano Varano, Presicce, and Ginosa Marina basins are shown in Figure 12 . In particular, for each basin the ( ) curve was obtained from the TSS pollutograph simulated starting from the generated synthetic series of precipitation, obtained by selecting a maximum annual rainfall event of duration equal to 15 minutes, with a return period equal to that associated with the design rainfall event (generally equal to 5 years for stormwater network design in Italy).
The ( ) curves in Figure 12 indicate that the first flush phenomenon is occurring in all five catchments. Various hydrologic and sewer system characteristics are usually investigated to determine their influence on the first flush effect [60] . In a combined storm/sanitary sewer system, the first flush load for total suspended solids was shown to correlate well with the event maximum rainfall intensity, storm duration, and antecedent dry weather period [61] . Similar results were also shown in a study involving separate storm and sewer systems [24, 62] . In the current work, from Figure 12 , it is worth noting the site dependence of ( ) curves or, in other words, the influence that catchment characteristics have on this phenomenon. In fact, the first flush effect is the most pronounced for the sites that are characterized by high values of impervious surface and slope, and it is much weaker at lower levels of imperviousness and slope too (Table 6 ). In particular, we can see that the 10% (for Manduria) and 20% (for Barletta and Cagnano Varano) of the volume of washed-off water carry the total quantity of TSS from concrete surfaces, while, on the base of the definition of the 30/80 first flush by Bertrand-Krajewski et al. [59] , for Ginosa Marina and Presicce, the two cities characterized by the lowest values of slope and percentage of impervious surface, the first 30% of the volume carries a quantity of TSS, respectively, equal to 50% and 60%.
Conclusions
This paper proposes a procedure for evaluating the quality and the quantity characteristics of stormwater runoff in ungauged areas, providing useful information for the design of efficient and sustainable stormwater treatment systems (i.e., first flush capturing devices) and, in general, in the context of the implementation of water treatment procedures for soil pollution management and prevention. In this work a methodology that tries to overcome the lack of runoff quality data in Puglia (Southern Italy), by coupling a rainfall generator model with a storm water management model for evaluating TSS pollutographs, is proposed. The SWMM model uses quantity parameters evaluated using catchments and drainage network characteristics and quality information extracted from observed data obtained by monitoring campaigns. Five selected ungauged sites, located in the region as the most representative of the evaluated rainfall patterns at regional scale, were used to apply the proposed procedure. In particular, exploiting the IRP rainfall generator model proposed by Veneziano and Iacobellis [22] , different climatic subareas, characterized by different rainfall features,were identified. By using time series of precipitation generated by the IRP model as input data in the quality model, it was possible to obtain, from the latter, information about qualitative characteristics of runoff in urban catchments, exploiting the data collected during a brief monitoring campaign described in a previous work [24] .
Finally, the distribution of pollutant mass versus volume in stormwater discharges, using the so-called " ( ) curves," was provided for the investigated study cases. These curves show that a significant first flush phenomenon is occurring in all five catchments; in particular the first flush effect is the most pronounced for the sites that are characterized by high values of impervious surface and slope, and it is much weaker at lower levels of imperviousness and slope too. Furthermore, a strict correlation between the first flush phenomenon and basin characteristics was found. The characteristics of the ( ) curves depend on the pollutant, the rainfall event, and the overall operation of the sewer system. The possibility of reproducing in a synthetic way the TSS pollutographs in ungauged river basins represents the originality of this paper, with respect to the recent literature in this field. Further improvements may be conducted by new monitoring campaigns focused on the evaluation of the different pollutants present in the water that washes away impervious surfaces. In this way it is possible to improve the performances of the quality models in the context of evaluation and prediction of pollutants for proper and efficient design of sustainable sewer systems in order to prevent soil pollution.
In the next works, the analysis will be extended, in order to assess the relative importance of different parameters and evaluating the role of climate with respect to other features of the sewer system.
